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SUITCASE CONCEALMENT: AN INTERDISCIPLINARY ANALYSIS OF THE 
TAPHONOMIC PROCESSES AND THEIR EFFECT ON PMI ESTIMATION  
AMBERLEE SKYLAR JOSEPH 
ABSTRACT 
 In homicide cases, suitcases provide concealment and ease of transport of a body 
and reduce the likelihood of detection. When estimating a minimum postmortem interval 
(mPMI), it is necessary to understand the taphonomic processes that occur when a body 
is concealed within a suitcase. In this study, the experimental carcasses consisted of pig 
(Sus scrofa Linnaeus) heads concealed within either hard shell or fabric suitcases whereas 
control pig heads were decomposed naturally. All control pigs heads attracted blowflies 
(Calliphoridae) immediately and mummified within days, whereas the experimental pigs 
heads had an oviposition delay of approximately 72 hours and decomposed resulting in 
skeletonization. Differences in the arthropod species present varied between the 
experimental and control pigs heads. Temperature comparisons revealed significant (p 
<0.001) differences between the experimental and control pigs heads. How a corpse 
decomposes when a suitcase is used for body disposal must be considered when 
estimating the mPMI. 
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 1 
INTRODUCTION 
 
While there are many methods which can be used to estimate the postmortem 
interval (PMI) (1-7), two of the most commonly applied methods in forensic cases are 
analyses of the entomological activity when present on and around the body, and analysis 
of the decompositional stage of the body. Forensic entomology involves utilizing the 
insect activity on a corpse to estimate the mPMI. Necrophagous insects, those which feed 
directly upon the corpse tissues, are typically the most forensically important species (8). 
Of the necrophagous insects, blowflies are commonly the most useful in estimating the 
mPMI, due to their typical early arrival after death and their well-documented 
developmental growth rates (1, 8). In a forensic setting, generally the largest (and 
therefore oldest) maggots collected at a crime scene can be used to determine the 
minimum Accumulated Degree Days (ADD) or Accumulated Degree Hours (ADH) 
needed to reach the given stage of development. After temperature data has been 
collected from the scene, the ADD or ADH can be calculated backwards to estimate the 
mPMI (1, 7). 
 In addition to necrophagous insects, there are three additional categories of 
arthropods which may be present on remains. Parasites and predators are commonly 
thought of as the second most useful types of arthropods to forensic investigations, as 
these species typically feed on the larvae of the necrophagous insects (8). Omnivores are 
arthropods which may feed upon the corpse itself, or the associated fauna. Incidentals are 
arthropods who use a corpse as an extension of their habitat and may opportunistically 
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feed on the fluids or other tissues of the body, but are not directly attracted to carrion. 
When there are a large number of omnivorous and/or predaceous arthropods on a corpse 
they may actually deplete the population of necrophagous insects, which could result in a 
decrease in the rate of decomposition of the body. This has been proven by many studies, 
which have shown a strong correlation between the amount of insect activity on the body 
and the rate of decomposition (8-13). Additional factors which may influence the rate and 
type of decomposition experienced by the body include: temperature, humidity, size of 
the corpse, weather/climate, soil ph, trauma, embalming, and scavenger activity, among 
other factors (3, 11, 13-16). 
While analysis of necrophagous insects colonizing a corpse is one of the more 
reliable ways to estimate the postmortem interval (PMI) (1, 10), when a body is 
concealed, as is common in homicide cases, this concealment often affects the ability of 
these insects and other arthropods to readily access and colonize the body immediately 
following death. These delays, if not properly accounted for, may cause errors in the PMI 
estimation process. This is especially true, if correct adjustments have not been 
considered for the specific method of concealment used. Some previously researched 
methods of concealment include indoor environments (9, 13-15, 17, 18), buried remains 
(8, 13, 14, 19, 20), wrapping in plastic or cloth (8, 15, 16, 21-24), and vehicle enclosure 
(8, 25). Each of these methods of concealment result in differential taphonomic 
processes; however, some common trends become apparent such as, the delay or 
complete prevention of arthropod activity, alterations to the succession patterns of the 
arthropod colonizers, and changes in the rate and type of decomposition. 
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During recent years, occasionally bodies have been deposited in suitcases (26). 
This may be because suitcases not only conceal the body, but also allow for easier 
transport of the body, and therefore decrease the likelihood of detection during transport 
and disposal. However, despite this increasing prevalence, minimal research has been 
conducted which focuses primarily on the taphonomic effects that concealment within a 
suitcase has upon the body, prior to the present study (26, 27). While Bhadra et al. (26) 
discovered that maggots are able to enter suitcases through the zipper, the authors were 
only able to draw broad conclusions regarding the potential delay period prior to 
oviposition and colonization, and did not discuss any decompositional differences that 
concealment within a suitcase caused.  
This study has simulated the concealment of a corpse within a suitcase, 
specifically documenting and analyzing the decompositional processes, as well as 
entomological data from within and around the suitcases for a period of 15 days. Two 
identical studies were conducted at different time periods in Holliston, Massachusetts; 
study one was conducted from May 20 to June 4, 2016, and study two was conducted 
from August 5 to August 20, 2016. The experimental samples in the present study 
consisted of pig heads placed inside two different types of suitcases: plastic hard shell 
and fabric, while the control pig heads were allowed to decompose naturally. The 
objective of this research is to aid in establishing a modified mPMI for when a body is 
concealed within a suitcase.  
The following hypotheses were proposed and tested in this study: 1) Different 
insect colonizers would be present on the control pig heads, than would be present on the 
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pig heads in the two types of suitcases. 2) There would be a delay in oviposition and/or 
colonization of the pig heads inside the suitcases. 3) Differences in the succession and 
growth patterns of the arthropods would be present on the control pig heads, than would 
be present on the pig heads in the two types of suitcases. 4) Differences in oviposition, 
colonization, and/or succession patterns of insects would differ between the hard shell 
and fabric suitcases. 5) The control pig heads would decompose differently than those 
concealed within the suitcases. 
 
 
MATERIALS AND METHODS 
 
 In the present study, the experimental samples are defined as suitcases containing 
pig heads. The control samples are defined as pig heads not enclosed in suitcases, but 
rather placed outdoors on the surface of the ground to decompose and attract insects 
naturally.  
A total of 42 plastic hard shell and 42 fabric suitcases of standard airport carry-on 
size were used over the course of the two studies. The plastic hard shell suitcases were 
plain black, had four spinner wheels and an extendable handle for rolling, and measured 
50.8cm L x 34.04cm W x 21.84cm H (Travelers Club, La Palma, CA) (Figure 1). The 
fabric suitcases were black with a red and green design, had two wheels and an 
extendable handle for rolling, and measured 50.8cm L x 35.56 cm W x 22.86cm H 
(Luggage Unlimited, Inc., Dallas, TX) (Figure 1). Three control samples were used in 
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each study. All pig heads were obtained from a commercial wholesale distributor (Taurus 
Packing, Inc., Roxbury, MA), arrived frozen, and were allowed to thaw for 24 hours prior 
to the start of each experimental period. Pig heads were chosen as the bait for the present 
study due to the fact that previous studies have proved that porcine remains can be used 
as an appropriate proxy for human remains (16, 28). 
 
 
FIG. 1—Plastic hard shell suitcase #15 (left) and fabric suitcase #40 (right) in the study 
field. 
 
Each experimental and control sample was labeled with a unique number, and its 
placement marked on a map for reference. The experiments were conducted in the 52 x 
27 meter, fenced in and secured, exposed grassland area of the Boston University 
Outdoor Research Facility in Holliston, Massachusetts. The foliage of the study field 
ranges from short grass to tall and dense weeds depending on the area, as well as 
differing amounts of sun and shade, resulting in slightly different environmental 
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conditions across the study field. All experimental and control samples were randomly 
placed throughout the study field, and the suitcases were randomly selected for analysis 
each sampling day. A total of two identical studies were conducted for a length of 15 
days each. Study one was conducted from May 20 to June 4, 2016 and study two was 
conducted from August 5 to August 20, 2016. 
Temperature data loggers were used to record the temperatures within the 
suitcases, as well as the ambient temperature of the study field. A total of four waterproof 
Hobo Pendant® Temperature Data Loggers (Onset Computer Corporation, Bourne, MA) 
were placed in two of each type of suitcase, and one was attached approximately one 
meter above ground level to a centrally located pole within the study field. All five data 
loggers were programmed to record temperature every 15 minutes throughout the study 
period. The four suitcases containing the data loggers were not opened until the final day 
of the study so that the temperatures throughout the study could be analyzed. There is 
also a weather station located inside the study field which collected additional weather 
data, such as rainfall, throughout the course of each study. 
On each collection day, three hard shell and three fabric suitcases were randomly 
selected through a random number draw, to be brought inside to be opened and analyzed; 
once opened, they were not returned to the experiment. Prior to the opening of each 
suitcase, an external examination was completed to check for any changes to the outside 
of the suitcase, such as adult fly interest, eggs/egg laying, maggot and/or other insect 
activity, and/or the leaking of decompositional fluid. Once a suitcase has been opened, 
after photographic and written documentation has been completed, sampling occurred. If 
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there was significant insect colonization, a representative sample was taken and then the 
suitcase was discarded. However, if there was minimal or no observable colonization, 
after photographic and written documentation occurred, the head was removed from the 
suitcase, placed on a tray of sand with a basket placed over the head, and then the tray 
was wrapped in breathable fabric (curtain liner) and sealed closed with duct tape until the 
end of the study period. The purpose of this was to ensure that any insects or eggs that 
may not have been visible upon initial inspection, could, if present, be sampled once the 
head was unwrapped. 
Entomological changes to the control samples, the outsides of the suitcases, and 
the insides of the selected suitcases were documented each sampling day through the use 
of photographs, notes, and sampling of the insect material present. Timing of first visible 
egg clusters was documented, as well as any/all noticeable developmental changes for the 
insects, and visible species changes over time. Eggs and larvae were sampled with a wet 
paintbrush, forceps, or a spoon. Beetles and other crawling insects were collected with 
forceps. A subsample of the insects were killed with hot water and then preserved in vials 
containing 95% ethanol, while a majority of the larvae sampled were reared to adults for 
species identification (1). Development of all preserved larvae were assessed by 
analyzing the structure of the posterior spiracles; this information was later used to assess 
the presence/absence of different developmental life stages of the maggots, for each 
collection day. Species identification of all adult flies and other arthropods collected was 
completed through comparisons with taxonomy guides and other reference texts (29-32). 
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Samples of each species identified have been retained for possible additional analysis at 
later date. 
Decomposition of the pig heads was scored using the methods described by 
Megyesi et al. (4) for scoring of the head and neck (Table 1). The four broad categories 
of decomposition: fresh, early decomposition, advanced decomposition, and 
skeletonization, are subsequently divided into stages which describe the appearance and 
general characteristics of decomposition. Each stage is given a number for scoring 
purposes, and each region of the body is scored separately. When using the Total Body 
Score (TBS) method of determining the PMI, the scores from each region are then added 
together to determine the PMI. The purpose of scoring the pig heads in this study is to 
determine differences in the rate and type of decomposition between the control and 
experimental samples, rather than to actually apply the TBS method. The 
decompositional stage of the control pig heads were observed each sampling day, and the 
experimental pig heads were observed when the suitcases were opened. Since the method 
of Accumulated Degree Days (ADD) is also a commonly relied upon method of 
determining PMI, it is also beneficial to examine the level of decomposition for the heads 
on each collection day. 
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Table 1 - Categories and stages of decomposition for the head and neck (Megyesi et al. 
2005). 
A. Fresh 
(1 pt) 1. Fresh, no discoloration. 
B. Early Decomposition 
(2 pts) 1. Pink-white appearance with skin slippage and some hair loss. 
(3 pts) 2. Gray to green discoloration: some flesh still relatively fresh. 
(4 pts) 3. Discoloration and/or brownish shades particularly at edges, drying of nose, ears and lips. 
(5 pts) 4. Purging of decompositional fluids out of eyes, ears, nose, mouth, some bloating of neck and 
face may be present. 
(6 pts) 5. Brown to black discoloration of flesh. 
C. Advanced Decomposition 
(7 pts) 1. Caving in of the flesh and tissues of eyes and throat. 
(8 pts) 2. Moist decomposition with bone exposure less than one half that of the area being scored. 
(9 pts) 3. Mummification with bone exposure less than one half that of the area being scored. 
D. Skeletonization 
(10 
pts) 
1. Bone exposure of more than half of the area being scored with greasy substances and 
decomposed tissue. 
(11 
pts) 
2. Bone exposure of more than half the area being scored with desiccated or mummified tissue. 
(12 
pts) 
3. Bones largely dry, but retaining some grease. 
(13pts) 4. Dry bone. 
 
 
After all samples were placed in the study field on day zero of the study, insect 
activity was monitored until sunset. Additional monitoring of the experimental samples 
was conducted from the morning to the afternoon of day one, in order to assess the 
approximate time in which first adult activity began around these samples. At 
approximately 24 hours after placement, the control heads were analyzed for insect 
activity and decompositional stage, with eggs being sampled. Starting on day three 
(approximately 72 hours after placement) the regular sampling schedule began, where 
both control samples, and selected suitcase samples, were analyzed for entomological 
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activity and decompositional stage as described above; regular sampling continued every 
other day until day 15, which was the final day of each study. 
 
 
RESULTS 
 
Entomology 
 Blow flies were immediately attracted to all control samples after their initial 
placement in the field; however, no fly activity was observed around any experimental 
samples until a minimum of 18 hours after placement. After 18 hours, adult flies began to 
show interest in the experimental samples by hovering around or crawling over the 
suitcases, and would often spend much time on the zippers of both types of suitcases, or 
inside the outer pocket of the fabric suitcases. Eggs were first observed on control 
samples as early as five hours after their initial placement in the field, while the first eggs 
were not observed on the outside of any of the suitcases until day three/72 hours after 
placement in the field. Maggots were first present on the control samples within 18 hours 
after initial exposure; however, maggots were not present in any experimental samples 
until day three/72 hours after initial exposure. All but one experimental sample (a 
hardshell suitcase during study one) demonstrated maggot activity inside the suitcases by 
day five (Figure 2). The largest maggot masses were observed on the control samples on 
day three/72 hours during study two, and on day five during study one (Figure 2). For the 
experimental samples, the largest maggot masses were observed on day five during study 
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two, and on day seven during study one (Figure 2). The majority of maggot activity 
ceased on and around the control samples by day 11 during study one, and by day nine 
during study two (although minimal activity was still present and able to be sampled until 
day 13) (Figure 2).  
 
 
FIG. 2—Chart shows the amount of maggots present at time of sampling for sampling 
days three through 15. The scale is from zero to six, with zero indicating no visible 
maggots, and six indicating a large maggot mass dominating the surface area of the pig 
head. A, B, and C are the three control heads from study one; AX, BY, and CZ are the 
three control heads from study two; Hard Shell and Fabric 1.1, 1.2, and 1.3 are the 
suitcases from study one; Hard Shell and Fabric 2.1, 2.2, and 2.3 are the suitcases from 
study two. 
 
During study one, 15 arthropod species were present on the control samples 
(Figure 3), seven arthropod species were present inside the hard shell suitcases (Figure 
4), and nine arthropod species were present inside the fabric suitcases (Figure 5). The 
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control samples displayed seven beetle species, at least three of which (Oiceoptoma 
noveboracense, Oiceoptoma rugulosum, and Necrophila americana) were quite 
prominent on the days that they were present; however, no beetle species were present 
inside either type of suitcase throughout the duration of the study (Figures 3-5). 
Additionally, on day 15 of this experimental period, larvae of Piophila casei were present 
in both suitcases, and larvae of Fannia canicularis were present inside the fabric 
suitcases; neither of these species were present in larval form on the control samples 
during the present study (Figures 3-6). 
During study two, 15 arthropod species were present on the control samples 
(Figure 7), 11 arthropod species were present inside the hard shell suitcases (Figure 8), 
and eight arthropod species were present inside the fabric suitcases (Figure 9). While the 
control samples were attended by five species of beetles during this study, their 
appearance was rare, often only resulting in one or a few individuals on any of the control 
samples. Additionally, the three most dominant beetle species from study one 
(Oiceoptoma noveboracense, Oiceoptoma rugulosum, and Necrophila americana) were 
all absent throughout the duration of study two (Figures 3 and 7). As with study one, no 
beetle species were present in any of the suitcases; additionally, two species of fly larvae 
(Hydrotaea leucostoma and Megaselia scalaris) that were present inside the suitcases 
were not present in larval form, or at all, on the control samples (Figures 7-10). Oniscus 
asellus was also present inside the hard shell suitcases but was absent from both the 
control samples and the fabric suitcases during the present study, despite being prominent 
in those samples during study one. 
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The most prevalent species throughout both study periods was Phormia regina, 
which was present on nearly all samples. Sarcophaga sp. was also quite dominant 
throughout both study periods; however, this taxon was only found on about two-thirds of 
the samples. Additionally, a few other notable successional trends were observed among 
the fly populations. During study two, Hydrotaea leucostoma first appeared by day nine 
and became increasingly prevalent on days 13 and 15 (Figure 10). Also during study two, 
the invasive species Chrysomya rufifacies was collected during days one through five on 
the control samples (Figure 10). This collection of C. rufifacies eggs, along with other 
species of eggs on day one from the control samples, resulted in the unexpectedly skewed 
population results for day one due to C. rufifacies being known to prey upon other 
maggots (29). Lucilia sericata and Phaenicia cuprina were prominent for the first half of 
study one, until about day seven, after which, only a minimal presence of L. sericata was 
observed on day nine, and then neither species was identified throughout the remainder of 
the study (Figure 6). 
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FIG. 3—Study 1: entomological succession timeline for control samples. Black indicates 
larvae of given taxa were present; gray indicates only adults of given taxa were present. 
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FIG. 4—Study 1: entomological succession timeline for hard shell suitcases. Black 
indicates present on the given day (Diptera taxa only present in larval form). 
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FIG. 5—Study 1: entomological succession timeline for fabric suitcases. Black indicates 
present on the given day (Diptera taxa only present in larval form). 
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FIG. 6—Distribution of all fly (Diptera) taxa present throughout study one. 
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FIG. 7—Study 2: entomological succession timeline for control samples. Black indicates 
larvae of given taxa were present; gray indicates only adults of given taxa were present. 
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FIG. 8—Study 2: entomological succession timeline for hard shell suitcases. Black 
indicates larvae of given taxa were present; gray indicates only adults of given taxa were 
present. 
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FIG. 9—Study 2: entomological succession timeline for fabric suitcases. Black indicates 
larvae of given taxa were present. 
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FIG. 10—Distribution of all fly (Diptera) taxa present throughout study two. 
 
Due to the fact that L. sericata and P. cuprina are known early colonizers (29), 
this pattern follows what would likely be expected under normal circumstances. 
However, due to the fact that this pattern is present across the suitcase samples, as well as 
the controls, it is important to note that while the suitcases provide concealment of the 
remains, they by no means seal anything inside. As a result, it was well documented 
during both studies that it was not only possible, but was actually quite common, for 
any/all stages of maggots to escape from the suitcases (Figure 11). Escape was most 
commonly observed occurring via the small openings around the wheels and extendable 
handle, as well as less successful attempts of escape occurring through the zipper teeth. 
The latter method of escape often resulted in death of the maggots attempting to escape, 
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as the post-feeding maggots would frequently get stuck between the teeth and would 
overheat from sun exposure. 
 
 
FIG. 11—a) 3rd instar larvae attempting to escape through the zipper teeth of a fabric 
suitcase (anterior portion of the body is visible); b) many larvae in various stages of 
development exiting through the gaps around one of the wheels on a hard shell suitcase. 
 
Larval development of collected and preserved specimens was also recorded 
throughout both studies (Figures 12 and 13). As mentioned earlier, eggs were present on 
the control samples of both studies within a few hours after placement, with egg laying 
continuing for at least the first 24 hours. During study one, the first larvae were not 
present on the control samples until the collection on day three/72 hours after placement, 
but due to the fact that 1st and 2nd instars were present at this time, it is most likely that 
the first eggs hatched sometime during day two. The remaining larval development on the 
control samples during study one is shown in Figure 12. No pupae were discovered 
around the control samples, but pupation likely began as early as day seven, due to the 
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marked decrease in maggots on the control samples at that time (Figure 2). During study 
two, the earliest 1st instar larvae were present on the control samples approximately 18 
hours after placement. The remaining larval development on the control samples during 
study two is shown in Figure 13. No third instars or pupae were collected from the 
control samples during this study. 
 
 
FIG. 12—Chart showing the presence/absence of each stage of immature development of 
the flies present during study one. 
 
During study one, both types of suitcases had external eggs present from days 
three to seven. The subsequent larval development inside the hard shell and fabric 
suitcases is shown in Figure 12. Pupae were present in both types of suitcases, in minute 
quantities, on day 13. As discussed earlier, it was common for post-feeding larvae to 
escape the suitcases, resulting in a lack of pupae represented inside the suitcases. During 
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study two, eggs were present on the outside of both types of suitcases from days three to 
five, and subsequent larval development is shown in Figure 13. A small amount of pupae 
were present on day 15. 
 
 
FIG. 13—Chart showing the presence/absence of each stage of immature development of 
the flies present during study two. 
 
After day 11 in both study periods, it became increasingly likely to find large 
numbers of dead maggots in the suitcases (Figure 14). During study one, only the hard 
shell suitcases experienced maggot death, which affected 5-15% of the total population. 
In study two, however, both suitcases experienced maggot death, affecting 25-35% of the 
fabric suitcase populations, and between 45-75% of the hard shell suitcase populations. 
While the direct cause of these deaths is unknown, it seems the most likely that these 
maggots died due to a combination of excessive heat and lack of oxygen due to the 
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ammonium and other gaseous buildup within the suitcases from the decomposition 
process. This hypothesis is supported by the fact that approximately 12-30% more dead 
maggots were discovered in the plastic hard shell suitcases, in which the environment 
reached higher temperatures and the material is less breathable.  
 
 
FIG. 14—The percentages of dead maggots in the suitcases during both studies; 1 = 
study one,  2 = study two. 
 
 
 
Decomposition 
 The control heads all experienced dry decomposition characterized by brown to 
black color changes starting at the edges of the nose, mouth, and ears, and the drying out 
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of the soft tissue until all the heads became mummified by day nine (Figure 15). The 
fabric suitcase experimental samples experienced a much broader range of 
decompositional stages, most of which were characteristic of wet decomposition, with all 
of the samples resulting in partial to complete skeletonization between days 13 to 15 
(Figure 16). The hard shell suitcase experimental samples displayed a less linear 
decompositional stage progression than the fabric suitcase samples; however, they still 
displayed the same type of wet decompositional stages, but in a less predictable manner 
(Figure 17). Additionally, Figures 18 and 19 compare decompositional stage to the 
accumulated degree days (ADD) that each sample experienced during each study period. 
The rate of decomposition was trending in a more linear fashion during study two than 
during study one. While no direct cause can be determined for the more linear 
decompositional trend in study two compared to study one, it is likely at least somewhat 
attributed to the less extreme heating and cooling present each day during study two. 
 In addition to the scores assigned to each head, 21.4% (n = 18) of the 
experimental samples started to gain an appearance similar to that of conventionally 
cooked, smoked, or cured ham (Figure 20). While this could possibly fall under the 
definition for a score of either four or six points using the Megyesi et al. (4) definitions, it 
is the author’s opinion that neither of these descriptions accurately describe the 
appearance or characteristics of these heads. As such, the author has termed this unlisted 
stage, “cooked”, for use in describing remains which have developed a toughened outer 
layer of soft tissue that has a brown/maroon coloration, while the underlying tissue is 
tender and pink in color. A majority (83.3%, n = 15) of the samples categorized as 
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“cooked” were present between days nine and 13. All heads that were “cooked” to any 
degree are listed in Figure 21. 
 
 
FIG. 15—The stages of decomposition for each sampling day of the control samples, 
from day one/24 hours until day 15. A, B, and C represent study one; AX, BY, and CZ 
represent study two. 
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FIG. 16—The stages of decomposition for each sampling day of the fabric suitcase 
experimental samples, from day three/72 hours until day 15. Fabric 1.1, 1.2, and 1.3 
represent study one; Fabric 2.1, 2.2, and 2.3 represent study two. 
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FIG. 17—The stages of decomposition for each sampling day of the hard shell plastic 
suitcase experimental samples, from day three/72 hours until day 15. Hard shell 1.1, 1.2, 
and 1.3 represent study one; Hard shell 2.1, 2.2, and 2.3 represent study two. 
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FIG. 18—Accumulated degree days (ADD) vs. decompositional score (n = 45) for study 
one. Blue indicates outside samples, green indicates hard shell suitcase samples, and red 
indicates fabric suitcase samples. 
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FIG. 19—Accumulated degree days (ADD) vs. decompositional score (n = 45) for study 
two. Blue indicates outside samples, green indicates hard shell suitcase samples, and red 
indicates fabric suitcase samples. 
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FIG. 20—Example “cooked” specimen; where remains have developed a toughened 
outer layer of brown- to maroon-colored soft tissue, while the underlying tissue is tender 
and pink in color. 
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FIG. 21—The total number of experimental samples categorized as “cooked” from each 
sampling day from day three/72 hours until day 15. 
 
 
Temperature 
 During study one (May 20 - June 4, 2016), low ambient temperatures ranged from 
44.9°F to 72.3°F, high ambient temperatures ranged from 65.9°F to 102.7°F, and the 
average daily ambient temperature was 74°F (SD = 8.4°F) (Figure 22). Inside the hard 
shell suitcases, low temperatures ranged from 40.9°F to 73.2°F, high temperatures ranged 
from 73.1°F to 143.5°F, and the average daily temperature was 86.2°F (SD = 10.3°F) 
(Figure 23). Inside the fabric suitcases, low temperatures ranged from 44.9°F to 74.1°F, 
high temperatures ranged from 64.3°F to 102.7°F, and the average daily temperature was 
73.2°F (SD = 8.7°F) (Figure 24). Rain occurred on days four (5/24/16) and 10 (5/30/16) 
of study one. 
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FIG. 22—Daily temperature fluctuations of the outside ambient temperature, during 
study one. 
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FIG. 23—Daily temperature fluctuations of the hard shell suitcases, during study one. 20 
and 21 are the suitcase identification numbers used during the study. 
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FIG. 24—Daily temperature fluctuations of the fabric suitcases, during study one. 40 and 
41 are the suitcase identification numbers used during the study. 
 
Paired sample t-tests were run to determine if the individual daily average 
temperatures of these three environments were statistically different from one another 
during this study period. The average temperatures inside the plastic hard shell suitcases 
were compared with the ambient average temperatures; this comparison revealed that the 
plastic hard shell suitcases reached significantly hotter temperatures than ambient (t = 
12.63, p <0.001), averaging 12.24°F ± 2.77°F (99% CI) above ambient. The average 
temperatures inside the plastic hard shell suitcases were compared with the average 
temperatures inside the fabric suitcases; this comparison revealed that the plastic hard 
shell suitcases reached significantly hotter temperatures than the fabric suitcases (t = 
12.14, p <0.001), averaging 12.97°F ± 3.05°F (99% CI) above the fabric suitcases. The 
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average temperatures inside the fabric suitcases were compared with the ambient average 
temperatures; this comparison revealed that these two environments were statistically 
equivalent during this study. All temperatures recorded throughout this study are listed in 
Figure 25. 
 
 
FIG. 25—All temperatures recorded by data loggers placed inside the suitcases, and 
outside for ambient temperature, throughout study one (May 20 - June 4, 2016). 20, 21, 
40 and 41 are the suitcase identification numbers used during the study. 
  
During study two (August 5 - 20, 2016), low ambient temperatures ranged from 
53.1°F to 72.5°F, high ambient temperatures ranged from 83°F to 122.1°F, and the 
average daily ambient temperature was 86.8°F (SD = 6.2°F) (Figure 26). Inside the hard 
shell suitcases, low temperatures ranged from 53.8°F to 78.4°F, high temperatures ranged 
from 80.9°F to 132.9°F, and the average daily temperature was 91.4°F (SD = 7.1°F) 
(Figure 27). Inside the fabric suitcases, low temperatures ranged from 55.5°F to 80.2°F, 
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high temperatures ranged from 82.3°F to 129.3°F, and the average daily temperature was 
90.6°F (SD = 7.7°F) (Figure 28). Rain occurred on days five (8/10/16), eight (8/13/16), 
nine (8/14/16), and 11 (8/16/16) of study two. 
 
 
FIG. 26—Daily temperature fluctuations of the outside ambient temperature, during 
study two. 
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FIG. 27—Daily temperature fluctuations of the hard shell suitcases, during study two. 
101 and 102 are the suitcase identification numbers used during the study. 
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FIG. 28—Daily temperature fluctuations of the fabric suitcases, during study two. 122 
and 123 are the suitcase identification numbers used during the study. 
 
Paired sample t-tests were run to determine if the individual daily average 
temperatures of these three environments were statistically different from one another 
during this study period. The average temperatures inside the plastic hard shell suitcases 
were compared with the ambient average temperatures; this comparison revealed that the 
plastic hard shell suitcases reached significantly hotter temperatures than ambient (t = 
6.62, p <0.001), averaging 4.61°F ± 1.99°F (99% CI) above ambient. The average 
temperatures inside the fabric suitcases were compared with the ambient average 
temperatures; this comparison revealed that the fabric suitcases reached significantly 
hotter temperatures than ambient (t = 4.34, p <0.001), averaging 3.79°F ± 2.49°F (99% 
CI) above ambient. The average temperatures inside the plastic hard shell suitcases were 
 41 
compared with the average temperatures inside the fabric suitcases; this comparison 
revealed that these two environments were statistically equivalent during this study. All 
temperatures recorded throughout this study are listed in Figure 29. 
 
 
FIG. 29—All temperatures recorded by data loggers placed inside the suitcases, and 
outside for ambient temperature, throughout study two (August 5 - 20, 2016). 101, 102, 
122, and 123 are the suitcase identification numbers used during the study. 
 
 
 
DISCUSSION 
 Multiple hypotheses were proposed at the beginning of this study aimed at 
determining the main areas of taphonomic differences which seemed most likely to occur 
in situations of suitcase concealment. All of the hypotheses proposed were supported 
through the present study. The supported hypotheses are: 1) Different insect colonizers 
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were present on the control samples, than were present in the suitcases; most notable was 
the presence of beetles on the control samples but not in the suitcases, and the presence of 
late fly colonizers present in the suitcases but not on the control samples. 2) A delay in 
oviposition and colonization of the bait inside the suitcases was present; oviposition was 
delayed by a minimum of 48 to 72 hours, while colonization was delayed until between 
days three to five. 3) Differences in the succession and growth patterns of the arthropods 
were present; species and succession patterns differed, and the larval growth rate was 
affected by the raised temperatures inside the suitcases. 4) Differences in oviposition, 
colonization, and succession patterns differed between the hard shell and fabric suitcases; 
however, while differences were present, they were much more negligible than when 
compared to the control samples. 5) The control pig heads decomposed differently than 
those concealed within the suitcases; while the controls mummified quickly, those inside 
the suitcases underwent wet decomposition, a “cooked” stage, and resulted in 
skeletonization. Each of these taphonomic differences, as well as others discovered 
through the present study, must be considered when estimating the mPMI for suitcase 
concealment cases. 
Previous studies on various concealment methods have noted similar alterations to 
multiple taphonomic processes, including: a delay or lack of insect activity on/around the 
body as a result of the concealment methods (15, 18, 19, 21, 22, 25, 26); changes in the 
succession patterns of insects as a result of concealment (18, 21, 25); and changes in the 
decompositional patterns as a result of different concealment methods (9, 13-16, 19, 22, 
24, 25). Similarly, the present study has demonstrated that the taphonomic effects of 
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concealment within a suitcase are unique in many ways, with the results indicating 
significant differences in the timing and pattern of insect succession, the rate and type of 
decomposition, and temperature, between the control samples and both types of 
experimental samples.  
In the present study, insect activity began immediately on the control samples 
during both study periods, resulting in first oviposition occurring as early as five hours 
after placement, and 1st instar larvae appearing as early as 18 hours after placement. In 
contrast, the experimental samples experienced significant delays in oviposition and 
colonization. During study one, oviposition occurred around 72 hours, first insect activity 
began inside the fabric suitcases between days three to five, and first insect activity began 
inside the hard shell suitcases between days five to seven. During study two, oviposition 
occurred between 48 and 72 hours, and insect activity inside both types of suitcases was 
present by day three, but was not observed inside all suitcases until day five and later.  
The oviposition delays on the suitcases during the present study are of similar 
length as what was discovered by Bhadra et al. (26), who recorded an oviposition delay 
period of between 24 to 72 hours. The 24 hour difference in delay between the present 
study and the Bhadra et al. (26) study could be a result of multiple variables, including: 
the temperature and weather during the first days of each study; the environment in which 
the suitcases were placed; and/or differences in the dominant blowfly (Calliphora) 
species. When comparing the delay period of the present study to other concealment 
studies, much more variation in the delay period is observed. Goff (22) discovered a 2.5 
day delay in oviposition for remains wrapped in two blankets, while Kelly et al. (24) 
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discovered that there was no delay in oviposition for remains wrapped in a sheet. 
Remains concealed in indoor environments can be highly variable in the delay period, if 
the remains are even colonized at all; however, Pohjoismӓki et al. (18) discovered an 
average colonization delay of four days for remains discovered in indoor environments in 
Finland. Voss et al. (25) discovered an activity delay of 16 to 18 hours and an oviposition 
delay of 24-28 hours for remains enclosed within a vehicle. Finally, Ahmad et al. (21) 
noted a delay of between one to 13 days (depending on the species) in the colonization of 
remains wrapped in plastic rice bags in Malaysia. 
In the present study, some differences in insect species were noted between the 
controls and the suitcases, as well as between both types of suitcases. Most notable was 
the presence of a number of fly species that are generally associated with late 
decomposition inside the suitcases, which were not present on the control samples, likely 
due to the fast mummification inhibiting the ability for later colonizers to lay eggs (14). 
Additionally, while beetles were present on the control samples, none were found inside 
the suitcases. Once the suitcases became colonized, the species composition of early 
blowfly colonizers was similar to that of the control samples. Previous studies on various 
methods of concealment have revealed that Calliphora vomitoria, Lucilia sericata, and 
Sarcophaga sp., all have remarkable abilities to colonize concealed remains, despite 
documented preferences for other environments (18, 20, 26). Zuha et al. (21) discovered 
that adult scuttle flies (Family: Phoridae) are able to enter both suitcases and garbage 
bins; the authors also hypothesized that these species may actually prefer dark places, due 
to their common occurrence in such locations. 
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Maggot death began to occur inside the suitcases by day 11 of both studies. Kelly 
et al. (24) also noted maggot death associated with their study, in which remains wrapped 
in cloth sheets would become wet and restrictive at different points throughout the study. 
The present study agrees with Kelly et al. (24) that the most likely cause of maggot 
mortality, is the result of high temperatures and a possible buildup of noxious gases from 
decomposition, within the concealed environment.   
Decomposition is affected by a wide variety of factors which may alter the rate 
and type of decomposition observed. Some of the factors which influence decomposition 
the most include: insect accessibility and activity, temperature, humidity, location of the 
body, and size of the body (9-16). Mummification is more likely to occur in arid 
environments with high temperatures, and in cases with small carcass sizes (13-15). 
Concealed environments will often result in slower decomposition due to insect access 
restrictions and the general protection of the remains from many other external factors 
which typically increase the rate of decomposition (9-12, 14, 24). However, when both 
temperature and humidity are high, decomposition will occur at a faster rate and will 
often result in skeletonization (16). All control samples in the present study mummified 
within seven to nine days, while all of the experimental samples underwent wet 
decomposition, often resulting in skeletonization between days 13 to 15.  
Additionally, many of the experimental samples were characterized as appearing 
“cooked”, a categorization not described in any of the current literature discussing 
decomposition, and thus is possibly a unique characteristic of suitcase concealment. 
While the exact cause of this phenomenon is unknown, it seems the most likely that the 
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suitcases which were in locations that allowed for slower warming and cooling 
throughout the day were more likely to present with some level of this “cooked” 
appearance. The “cooked” appearance was most prevalent between days nine and 13 
during the present study.  
Temperature comparisons revealed that the hard shell suitcases reached 
significantly (p <0.001) hotter temperatures than both the ambient and fabric suitcase 
temperatures during study one. During study two, both suitcases were significantly (p 
<0.001) hotter than the ambient temperature. This finding is consistent with the elevated 
temperatures reported inside the suitcases of the Bhadra et al. (26) study. 
The results of this study, while preliminary, suggest the need to incorporate a 48 
to 72 hour minimum delay for oviposition when estimating mPMI for situations in which 
the body is discovered within a suitcase. Additionally, the absence of beetles within the 
suitcases during this study needs to be considered when attempting to estimate mPMI 
using insect succession patterns. Furthermore, the ability for all sizes of larvae to exit the 
suitcases, as well as the likelihood for a significant percentage of dead maggots within 
the suitcases, poses possible problems in estimating mPMI, due to the fact that the oldest 
larvae may not be present or alive within the suitcases, depending on when it is 
discovered. The wet decomposition and rapid skeletonization within the suitcases during 
this study indicates that the decompositional pattern of the outside environment may not 
be the same, or even similar, to the decompositional progression that occurs within a 
suitcase, and as such, must be taken into consideration. Finally, the often elevated 
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temperatures experienced within the suitcases, especially the hard shell plastic suitcases, 
must be considered when estimating mPMI from larval growth. 
This study has shown that, not only does concealment within a suitcase change 
the taphonomic history of the body enclosed, but that the type of suitcase also influences 
the taphonomic factors that the body will experience. Ultimately, this study will aid in the 
ability to better predict the mPMI for cases in which a body is concealed within a 
suitcase. 
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